Outline • Introduction. Discovery and Puzzles • Basic production processes at colliders • Decays and spin correlations • Top mass, V tb , Top Yuakawa coupling • "New Physics" via top quark • Conclusions LHC/LC Study Group,"Physics interplay of the LHC and the ILC," arXiv:hep-ph/0410364 M. Beneke et al.,"Top quark physics,"arXiv:hep-ph/0003033 S. Willenbrock,"The standard model and the top quark," arXiv:hep-ph/0211067 D.Chakraborty, J.Konigsberg, D.Rainwater,"Review of Top Quark Physics," arXiv:hep-ph/0303092 S.Dawson, "The Top Quark, QCD, and New Physics," arXiv:hep-ph/0303191 E. Boos, "Top quarks at photon colliders," arXiv:hep-ph/0009100
Top quark
In the Standard Model top quark couplings are uniquely fixed by the principle of gauge invariance, the structure of the quark generations, and a requirement of including the lowest dimension interaction Lagrangian.
Top quark has been found by the Fermilab CDF and D0 collaborations. RUN1 results:
• M t = 174.3 ± 3.2(stat) ± 4.0(syst)
• σ tt (CDF M t = 175GeV ) = 6.5 +1.7 −1.4 pb σ tt (D0 M t = 172GeV ) = 5.9 ± 1.7pb
• λ t (M t ) = 1.00 ± 0.03
• |V tb | > 0.78 ( 90% CL)
• The 95% Confidence Level Limit on single top production cross section : 13.5 pb by CDF 39 pb (17 pb Neural Network) (s-channel) and 58 pb (22pb Neural Network) (W-gluon fusion) by D0 SM prediction: σ SM = 2.43 ± 0.32 pb Top quark is the heaviest elementary particle found so far with a mass slightly less than the mass of the gold nucleus.
• Top decays (τ t ∼ 5 × 10 −25 sec) much faster than a typical time-scale for a formation of the strong bound states (τ QCD ∼ 3 × 10 −24 sec). So, top provides, in principle, a very clean source for a fundamental information.
• Top is so heavy and point like at the same time. So, one might expect a possible deviations from the SM predictions more likely in the top sector.
• Top Yukawa coupling λ t = 2 3/4 G 1/2 F m t is very close to unit. Studies of top may shed a light on an origin of the mechanism of the EW symmetry breaking.
Top quark physics will be a very important part of research programs for all future hadron and lepton colliders.
At hadron and lepton colliders, top quarks may be produced either in pairs or singly. At the Tevatron and LHC: Top pair (left), Single top (right)
Three mechanisms of the single top production: All the diagrams contribute to Single Top (at LEP2 the rate is too small, about 10 −5 pb)
In case of γγ collisions there are no nontrivial gauge invariant subsets. A situation is similar to single top at the LHC in W t mode.
The top pair rate has to be removed in order to get the correct single top rate. This is one of so called "gold plated" processes in γe collision mode of ILC Cross sections of Top production processes at LC In SM top decays to W-boson and b-quark practically with 100% probability
where in the top-quark rest frame, the spin fourvector is s = (0,ŝ), andŝ is a unit vector that defines the spin quantization axis of the top quark
In the top quark rest frame: 
Anomalous Top Couplings
The top quark interactions of dimension 4:
The dimension 5 couplings have the generic form:
where |f | 2 + |h| 2 = 1.
Present constrains come from
• Low energy data via loop contributions
• Tevatron Run1
• HERA
• Unitarity violation bounds
Anomalous Wtb Couplings
and P ± = (1 ± γ 5 )/2. The couplings F L 2 and F R 2 are proportional to the coefficients of the effective Lagrangian
, |F L2,R2 | < 0.6 from unitary bounds • |V tb | is very close to 1 in SM with 3 generations. (|V tb | is very weakly constrained in case of 4 generations, e.g.)
• A possible V + A form factor is severely constrained by the CLEO b → sγ data to 3 × 10 −3 level W tb anomalous couplings limit on TEVATRON and LHC: 
